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Abstract 
The aim of this study is to investigate the economic performances of the micro combined heat and power (micro-CHP) 
systems for residential application. An optimization model of the micro-CHP units coupled with thermal storage 
tanks and auxiliary boilers has been developed minimizing the annualized investment cost and operation cost. In 
addition, sensitivity analysis of some economic and policy conditions on the micro-CHP systems have been 
implemented. The results indicate that it is not feasible to introduce the micro-CHP systems in China from the 
economic viewpoint currently only if the suggested three promotion measures are implemented simultaneously. 
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1. Introduction 
In order to deal with the current energy shortage and environment pollution problems, it is emergent to 
find alternative ways to replace the traditional energy system with high pollution, low efficiency and high 
cost. One such a way is to adopt CHP system which generates heat and power simultaneously. Many 
developed countries have successfully extended the CHP system to the domestic area and realized 
commercialization, which always have small scales and named micro-CHP [1, 2].                       
The high initial cost is the main barrier of micro-CHP system adoption. Ren et al. [3] evaluated 
economic performance of micro-CHP systems for residential buildings in Japan. In China, the domestic 
micro-CHP is still under research and an investigation on the economic performance of domestic micro-
CHP systems in China is necessary. 
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In this study, an optimization model minimizing the annual total cost of domestic micro-CHP systems 
has been proposed. In addition, through the comparison with the traditional energy system, the economic 
performances can be analyzed. Furthermore, sensitivity analysis of some economic and policy conditions 
on the micro-CHP system have been implemented.  
 
Nomenclature 
Abbreviation 
CHP  Combined Heat and Power 
Symbols 
C  cost  
CRF  capital recovery factor 
E  electricity 
G  gas 
Gen  energy generated 
L  Load 
n  life time 
P  Price 
r  interest rate 
Subscript 
m  days 
h  hour 
cap  capital 
2. Modeling of micro-CHP system 
2.1. Energy flow of micro-CHP system 
As shown in Fig. 1, the electricity generated from the micro-CHP unit meets the electricity and cooling 
(through an air conditioning) demand, the deficiency is satisfied by the utility grid. The recycled heat 
from the micro-CHP system meets the space heating and hot water demands, the insufficient part can be 
supplied by auxiliary boiler. The storage tank is used to solve the unbalance problem between supply and 
demand. Note that, the capacity of the micro-CHP system is kW level, which is suitable for small 
individual commercial buildings and residences. 
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Fig. 1. Energy flow of domestic micro-CHP system 
734   Qiong Wu et al. /  Energy Procedia  88 ( 2016 )  732 – 737 
 
0
0.3
0.6
0.9
1.2
1 3 5 7 9 11 13 15 17 19 21 23
H
ou
rl
y 
en
er
gy
 d
em
an
d 
(k
W
/h
) Electricity Cooling Heating Hot water
 
 
0
0.3
0.6
0.9
1.2
1 3 5 7 9 11 13 15 17 19 21 23
H
ou
rly
 e
ne
rg
y 
de
m
an
d 
(k
W
/h
)
Electricity Cooling Heating Hot water
 
(a) Winter                                                                            (b) Summer 
Fig. 2. Hourly energy demand of a typical household 
2.2. Description of the optimization model 
To deduce the optimal running strategy, an optimization model is proposed to minimize the annualized 
investment cost and operation cost as shown in Eq. (1) ̚ Eq. (4).  
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Energy balances (thermal and electricity) are the constraints must be considered, as showed in Eq. (5). 
                   hmGenL hmhm ,,,,                                                                     (5) 
Again, the special constraint of each technology must be added including micro-CHP, boiler and 
thermal storage tank respectively. Furthermore, in order to investigate the economic performances of the 
micro-CHP units, conventional energy supply system has been selected as the base scenario in which 
electricity is supplied by external grid and thermal demand is satisfied by gas boiler. 
3. Studied case 
Assuming the micro-CHP system is adopted in a typical household in Shanghai, with total floor area of 
150 m2. 
3.1. Load demand 
Customer load is the key criteria determining the performance of the micro-CHP system. In the 
following, the hourly summer and winter energy demands are given by hours, as shown in Fig. 2. 
3.2. Energy prices 
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Electricity tariff is one of the main economic conditions affecting the adoption of micro-CHP system. 
If the tariff rate is relatively low, customers may prefer to purchase the electricity from utilities rather 
than generate on-site. In this study, electricity tariff for residence is investigated from electric utility in 
Shanghai in which a time of use (TOU) tariff structure is employed. The price is 0.104 $/kWh during the 
peak time period (6 AM ̚ 10 PM), whereas only 0.052 $/kWh in other time period. 
3.3. Technical assumption 
Due to the deficiency of micro-CHP products on Chinese market, this study refers two mature products 
in Japan: gas engine and fuel cell, which also named Ecowill and Enefarm, the technical data are shown 
in Table 1 [3]. 
Table 1. Characteristics of micro CHP systems 
Type Capital cost ($) Rated capacity (kW) Rated efficiency (%) HER Lifetimeb(year) 
Ecowill 7096.2  1.0  26.3  2.5  20.0  
Enefarm 7925.9 0.7  37.0  1.4  20.0  
4. Results and discussions 
Through the proposed optimization model, the optimal running strategy and corresponding annual cost 
can be deduced as shown in Table 2. Compared with the conventional system, the annual cost reduction 
ratio of Ecowill and Enefarm are -105.2% and -115.7% respectively, which means the proposed systems 
cost more than the traditional system. Referring various promotion measures in Japan, a sensitivity 
analysis is performed in the following and the results are shown in Fig. 3. 
Fig. 3 (a) shows the reduction ratios of the annual cost under government subsides. When the 
investment subsidies are increased to 100%, the value begins to become positive, thus, it is hard to 
introduce the system only depending on the subsides. While assuming a subsidy ratio of 60%, (b) shows 
the annual cost reduction ratios when increasing the electricity tariff. It can be found that, due to the still 
high initial investment cost, and low electricity tariff in Shanghai, even the tariff increases to two times of 
current value, the reduction ratios always keep a negative value for Ecowill. (c) shows the reduction ratios 
of the annual cost when reducing the gas price for CHP based on 60% subsides and 160% electricity tariff. 
It can be found that, thanks to the contribution of all three promotion measures, the value become positive 
and the system become economical. 
Table 2. List of annual costs within three systems 
  Total cost ($) Investment cost ($) Electricity cost ($) Gas cost ($) 
Conventional system 488.7 0.0  454.9  33.8  
Ecowill 1002.9  523.9 432.4 46.7  
Enefarm 1054.3 585.1 319.3 149.9  
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5. Conclusions 
In this study, the results of the optimization and sensitivity analysis indicate that it is not feasible to 
introduce the micro-CHP systems in China from the economic viewpoint currently only if the suggested 
three promotion measures are implemented simultaneously. This is because the effect of a single measure 
is marginal. Thus, except the technical aspect, another main obstacle of micro-CHP system development 
is the policy conditions. 
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(a) Sensitivity of investment subsides                                     (b) Sensitivity of electricity tariff 
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(c) Sensitivity of gas price 
Fig. 3. Hourly energy demand of a typical household 
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